SUMMARY Sinusoidal heart rate traces were detected in 8 patients, 6 of whom died; the 2 survivors showed evidence of gross cerebral damage. It is felt that the origin of the sinusoidal curve is probably central and reflects loss of central control of heart rate.
Continuous monitoring of the fetal heart rate through labour has led to the detection of abnormal heart rate patterns indicative of fetal distress. One significant pattern detected by Baskett and Ko (1974) and Manseau et al. (1972) was the sinusoidal heart rate pattern, characterised by slow regular wave forms in the fetal heart rate. This pattern in the neonatal period was also described by Ekert and Schenk (1974) . In all reports the appearance of this pattern was associated with a poor prognosis. We wish to report our observations on sinusoidal heart rate patterns seen in 8 infants in a one-year period in two special care baby units in Belfast.
Patients and methods
During a period of one year all ill newborn infants receiving intensive care in our units in Belfast were monitored using cardiorespirographs (Corometrics 512 and Hewlett-Packard Cardio-Respiratory Monitor 78250A). These monitors detect successive R-waves on the electrocardiograph and give an instantaneous heart rate, both as a digital read-out and on a paper trace. The respiratory rate and amplitude are detected, by an impedance method, by two electrodes placed laterally on the chest wall.
During the period under review 130 infants were monitored. The infants suffered from a variety of conditions including idiopathic respiratory distress syndrome (IRDS), severe congenital heart disease, rhesus haemolytic disease, and apnoeic spells of prematurity. The clinical data of the 8 patients with sinusoidal heart rate traces are given below. Case 1. A baby boy delivered by caesarean section in a peripheral hospital at 43 weeks' gestation with a birthweight of 4600 g. Caesarean section was performed because of delay in labour which had lasted 36 hours. Meconium-stained liquor had been passed and fetal bradycardia had occurred intermittently in the 24 hours before delivery. The Apgar score was 2 at five minutes and spontaneous respirations were not attained until age 10 minutes. The infant then developed a series of apnoeic spells and was transferred at age 6 hours. On admission the infant was hypotonic and had periodic apnoeic spells. Six hours later convulsions developed which were then treated with intravenous diazepam. In spite of this the infant developed further convulsions and became increasingly hypertonic and died at age 31 days. Necropsy showed cerebral softening and oedema but with no haemorrhage or significant abnormalities of other organs.
Case 2. A baby boy with a birthweight of 3600 g, delivered by forceps in a peripheral hospital. The Apgar score was 3 at five minutes and regular respirations were not established until 45 minutes despite active resuscitation. The infant was transferred and admitted to our unit at age 11 hours. At that time he was shocked, cyanosed, and hypoventilating. He was hypotonic and developed increasingly frequent apnoeic spells and died at age 2 days. Necropsy showed cerebral oedema and also subarachnoid, subdural, and pulmonary haemorrhage. 3i minutes and the amplitude from 10 to 60 beats/ min. None of the remaining 122 infants who were monitored showed sinusoidal heart rate rhythms. 14 of these infants died, of whom 4 showed evidence of cerebral disease at necropsy but had not exhibited the sinusoidal curve patterns during life. The remaining infants died of extreme prematurity, with or without IRDS, or from congenital malformations. Of the 108 babies who were monitored and survived and who did not show sinusoidal heart rate patterns, none to date has shown evidence of neurological Hour impairment although the follow-up period has been short, most of these infants still being under one year.
Discussion
Sinusoidal heart rate rhythms can clearly be distinguished from other heart rate patterns seen in the neonatal period as Figs 3 and 4 Other heart rate abnormalities, such as decreased heart rate variation, have been seen in children with brain damage and it is claimed that it may be considered a clinical criterion of brain death (Kero et al., 1978) . However, it must be stressed that the total observation of the sinusoidal heart rate pattern is extremely limited and many further observations would be needed to confirm its prognostic significance. The origin of the sinusoidal curve is in some doubt. Heart rate deceleration may occur in response to a primary respiratory event as we would expect in the current apnoeic episodes. Valbona et al. (1965) studied adults with decerebrate states and described similar patterns with prominent waves of acceleration of heart rate rhythm followed by rebound deceleration. These waves coincided with each deep breath or with the onset of periodic breathing. Guilleminault et al. (1977) described cardiac arrhythmias in adults with apnoeic spells and severe CNS disease. In several of our patients the sinusoidal wave pattern was associated with recurrent regular apnoeic spells. However, in our cases there was no fixed relationship between the occurrence of apnoea and cardiac deceleration, as 3 of our 8 patients were receiving IPPV at the time when the sinusoidal heart rate pattern was seen. We feel that in these 3 cases at least, the sinusoidal heart rate pattern is unlikely to be a primary respiratory event and is more probably central in origin and may reflect a lack of central control of cardiac rhythm.
Sinusoidal patterns could also possibly be a primary cardiac phenomenon reflecting either conduction defects or a diseased myocardium. Cardiac arrhythmias have been reported in fetuses and infants during hypoxic stress but unfortunately in none of our patients did we obtain either direct electrocardiographic traces or cardiac enzyme studies.
These patterns appear to have a grave prognosis, but as there is little experience we would urge caution in their interpretation, and we hope that there will be many further observations before any conclusions are made and the patients treated accordingly.
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